Planting forage mixtures may benefi t pasture herbage production; however, changes in botanical composition could cause variable ( 
P astures often contain complex plant communities. In the northeastern United States, cool-season grasses and legumes dominate pasture vegetation (Tracy and Sanderson, 2000) . Th e forb (here the term "forb" refers to nonleguminous forbs) component of pastures generally comes from nonsown species or weeds. In the United States, chicory is a commercially available perennial forb intentionally planted in pastures. Chicory has relatively high digestibility and low fi ber concentration (Barry, 1998) . Chicory may have anthelmintic eff ects in grazing sheep (Ovis aries) (Marley et al., 2003) ; however, it contains sesquiterpene lactones, which may deter some grazing animals (Foster et al., 2006) .
Chicory has been evaluated as a monoculture forage crop in several small-plot clipping (Collins and McCoy, 1997; Sanderson et al., 2003) and grazing (Volesky, 1996; Belesky et al., 1999; Labreveux et al., 2006) trials in the United States. Th ere have been fewer trials on chicory as a component of multispecies mixtures in pastures (Belesky et al., 1999) . Complex mixtures of forages including chicory yielded more herbage than binary grass-legume mixtures when compared in grazed small plots (Deak et al., 2007) or pastures (Skinner et al., 2006) .
Plant species composition of pastures greatly infl uences herbage nutritive value. For example, signifi cant negative relationships occurred between nutritive value and plant species richness of New Zealand pastures during summer and autumn growth (White et al., 2004) . Species-rich pastures also had lower herbage accumulation rates. Increased species richness of synthesized grasslands resulted in greater stability (reduced year-to-year variability) of plant community biomass; however, increased species richness did not stabilize year-toyear variability of individual plant species abundances (Tilman, 1996) . In mixed species swards, variation in nutritive value may increase with species diversity because of inherent diff erences in chemical composition and in stages of maturity among plant species (Bruinenberg et al., 2002; Huyghe et al., 2008) .
In our earlier research, we examined animal performance and plant community changes of pastures sown to either orchardgrass-white clover or chicory in combination with several species of grasses and legumes. In that study, individual dairy cow performance (daily milk yield and herbage dry matter intake) was similar among mixtures ; however, we did not examine relationships among the variation in herbage nutritive value and plant community composition. Th e objective of the current study was to examine the changes in nutritive value and herbage accumulation rate responses of forage mixtures during primary growth and regrowth. We tested the hypothesis that nutritive value of herbage would become more variable (less stable) with more forage species in a mixture.
Materials and Methods
Details on establishment of the pastures and grazing management are in Sanderson et al. (2005) and Soder et al. (2006) . Th e main points are summarized here. Demirbağ et al., 2008) measurements. Th e plate meter was calibrated as described in Sanderson et al. (2005) . At the end of each growth period, the marked areas were grazed as part of the normal rotation of paddocks. Herbage mass at each sampling date was regressed on days of growth in spring or regrowth in summer and autumn and the slope of the regression line used to estimate herbage accumulation rate. Growth was assumed to begin on 1 April. Herbage mass on the last sample date within each period was used as an estimate of cumulative herbage yield for the period. Th e data on herbage yield and botanical composition collected during this experiment were separate and diff erent from those reported elsewhere (Sanderson et al., 2005) .
At each sampling, approximately 400 g of herbage was clipped to a 1-cm stubble height in each paddock, dried at 55°C for 48 h, and ground in a shear mill to pass a 1-mm screen. Th ese herbage samples were analyzed for neutral detergent fi ber (NDF), in vitro true digestibility (IVTD; 30-h fermentation), and crude protein (CP) by a commercial laboratory (DairyOne, Ithaca, NY). Detergent fi ber and IVTD procedures were according to Van Soest and Robertson (1980) . Nitrogen was determined by the Dumas combustion method (AOAC, 1990) and CP calculated as N × 6.25.
Botanical composition of the pastures was measured two to six times in each of the three sampling periods in each year. At each sampling, herbage in 10 quadrats (0.03 m 2 ) was clipped to a 1-cm stubble in each pasture. Th e bulked herbage was handseparated into grass, legume, chicory, weed, and dead material. Th e separated herbage samples were dried at 55°C for 48 h, weighed, and the proportion of grass, legume, chicory, weed, and dead material calculated.
Herbage accumulation rate and cumulative yield data within each period and year were analyzed as a randomized complete block design with a linear mixed models procedure in SAS (Littell et al., 1996; SAS Institute, 2003) . Data were examined and met the assumptions for normality (via PROC UNIVARIATE and the Shapiro-Wilk statistic in SAS, 2003) and homogeneity of variances (via Bartlett's test in SAS, 2003) among treatments. Forage mixture treatments were considered fi xed eff ects and blocks were random. Th e model for botanical composition and nutritive value included the fi xed eff ects of mixture treatment, harvest date, and treatment by harvest date. In addition, the model included the random eff ect of block and was analyzed as repeated across harvest dates. For each variable analyzed, three covariance structures were tested: unstructured, compound symmetry and autoregressive order 1 covariance. Th e covariance structure that resulted in the lowest Akaike information criteria value was used (Schabenberger and Pierce, 2002). Denominator degrees of freedom were calculated with the Kenward-Rogers option in SAS (SAS Institute, 2003) . Planned contrasts were used to compare treatment means: (i) orchardgrass-white clover mixture vs. the average of all other mixtures, (ii) three-species vs. the average of the six-and nine-species mixture, and (iii) sixspecies mixture vs. the nine-species mixture. Pearson correlation coeffi cients were calculated between nutritive value of herbage and sward botanical composition.
To compare the temporal variation in nutritive value of the mixtures, the intra-annual coeffi cient of variation was calculated for each pasture (experimental unit) in each year. Th e mean and standard deviation of CP, NDF, and IVTD in each pasture were calculated across all sampling dates within a year. Th e intra-annual coeffi cient of variation was calculated as the standard deviation divided by the mean and multiplied by 100. Diff erences among the mixtures CVs within each year were evaluated with the mixed model analysis described above. Temporal variation has been used to estimate yield and ecological stability of grassland diversity treatments (Tracy and Sanderson, 2004; Tilman et al., 2006) and yield stability of grain crops (Blackmore et al., 2003) .
Results and Discussion
Nutritive Value Th e nutritive value of herbage was aff ected mainly by the forage species composition of the mixtures. Th e mixed model repeated measures ANOVA indicated that the main eff ect of time (days of growth or regrowth in each of the six periods) was signifi cant only for CP in autumn of 2002 and summer of 2003 and for IVTD in autumn of 2002 (data not shown). Th e forage mixture treatment by time interaction was not signifi cant in any instance.
In spring of 2002, CP of the six-and nine-species mixtures was greater than the orchardgrass-white clover and orchardgrasswhite clover-chicory mixtures (Table 3) Concentration of NDF was least in the three-, six-, and ninespecies mixtures compared with orchardgrass-white clover in 2002 (Table 3 ). In 2003, the three-and nine-species mixtures generally had lesser concentrations of NDF than the two-and six-species mixtures. Th e IVTD of herbage from the orchardgrass-white clover mixtures generally was less than the other mixtures (except . Herbage nutritive value was inversely related to species richness of New Zealand hill pastures (White et al., 2004) . In that study, pastures on low fertility soils had high species richness and contained stress-tolerant species, such as Agrostis capillaris L. and Anthoxanthum odoratum L., which have slower growth rates, more fi ber, and are less digestible than other forages. Binary mixtures of perennial ryegrass and white clover had greater organic matter digestibility and CP concentration than complex mixtures of grasses (Holcus lanatus L., Poa pratensis L., A. stolenifera L., A. tenuis Sibth, and Festuca rubra L.) in Great Britain (Smith and Allcock, 1985) .
A concern with the use of complex forage mixtures is the variability in botanical composition, which may cause nutritive value to be unstable and ultimately aff ect animal performance (Bruinenberg et al., 2002 ). In the current study, the error variances among treatments did not diff er (P > 0.05) as determined by Bartlett's test for homogeneity (data not shown). And, as noted above, the forage mixture treatment by time interaction was not signifi cant for any of the nutritive value components. Examination of the intra-annual CV, however, indicated that variation in CP of the six-species mixtures in 2003 was greater than other mixtures (Fig. 1) . In both years, the intra-annual CVs for NDF and IVTD were similar for all mixtues. Th us, there was little support for the hypothesis that pastures planted to complex mixtures of forage species are more variable in nutritive value than less complex swards.
Nutritive value typically decreases as plants mature. Th e insignifi cant changes with time in nutritive value of the mixtures suggest that fl uctuations in botanical composition of the sward may have off set plant maturity eff ects on nutritive value. Orchardgrass dominated the two-species sward in both years (Fig. 2) . Chicory and legumes dominated the three-, six, and nine-species swards in 2002 with chicory accounting for 20 to 50% of the sward dry matter. In 2003, however, the pastures with chicory diverged in composition depending on the predominant legume species. Between autumn 2002 and spring 2003, chicory proportion fell to 20% or less of the sward, with the exception of the six-species mixture in the summer. Th e legume component (white clover) increased greatly in the three-and nine-species mixtures and peaked around 60% in summer of 2003. Th e legume component (mainly red clover) of the six-species mixture, however, decreased from 40% in spring to <20% of the sward in autumn of 2003.
Diff erences in nutritive value among the four mixtures appeared to be related more to diff erences in functional group proportions of forages (i.e., grasses, legumes, and forbs) than the number of forage species. In several instances, CP concentration was positively correlated with the legume proportion and negatively correlated with the grass proportion of the sward (Table 4) . Concentration of NDF was positively correlated with the grass proportion of the sward in each growth period of both years. Th ere were signifi cant negative correlations between NDF concentration and the legume proportion of the sward in spring of 2002 and in each period of 2003. Th e IVTD of herbage was most oft en negatively correlated with the grass proportion of the sward; however, there were signifi cant positive correlations with legume proportion in the summer and autumn of 2003 (Table 4) . Th e chicory proportion of the sward was correlated with NDF (negatively) and IVTD (positively) in autumn regrowth of 2003.
Th e relationships between nutritive value and legume-grass composition are logical because legumes oft en have a greater CP and lower NDF concentration than grasses . Legumes can stabilize the chemical composition of complex grass-legume mixtures and reduce the variation in nutritive value between successive harvests (Huyghe et al., 2008) . Th e results are also consistent with previous plot-scale research, which showed that the proportion of grass and legume in the sward controlled the nutritive value of mixed species pastures (Deak et al., 2007) .
Herbage Accumulation
In 2002, herbage accumulation rates and cumulative yield of the mixtures with chicory (three-, six-, and nine-species mixtures) were greater than the orchardgrass-white clover mixture averaged over growth periods (Table 5 ). In 2003, the herbage accumulation rates of all mixtures were similar in spring growth and summer regrowth. Cumulative herbage yields were inconsistent among mixtures in 2003. Herbage yields were greater in 2003 than 2002 (Sanderson et al., 2005) mainly because of greater rainfall (Table 1) . Diff erences in herbage accumulation rates between years may also refl ect changes in botanical composition of the pastures. Th e shift from chicory dominance to grass-legume dominance (Fig. 2) Th e herbage accumulation rates measured in this study compare with others. Orchardgrass-white clover mixtures attained growth rates of 22 to 41 kg ha -1 d -1 in summer growth and 19 to 31 kg ha -1 d -1 in autumn regrowth at West Virginia (Belesky and Fedders, 1995) . Chicory-grass-legume swards had growth rates of 51 kg ha -1 d -1 in the spring and 10 kg ha -1 d -1 in summer at the same West Virginia location (Belesky et al., 1999) . Orchardgrass monocultures fertilized with 84 kg N ha -1 on four soil types in central Pennsylvania had herbage accumulation rates of 62 to 131 kg ha -1 d -1 in spring and 14 to 21 kg ha -1 d -1 in autumn (Stout and Jung, 1992) .
In 2002, a dry year, chicory and legumes seemed to be compatible in mixture (Fig. 2) . Chicory is known to take up large amounts of soil N (Høgh-Jensen et al., 2006) . Its dominance and productivity in mixtures could have depleted soil N during 2002 (Alemseged et al., 2003) , which then gave the legumes a competitive advantage with the grasses in 2003, a season with adequate rainfall. Alemseged et al. (2003) reported that chicory did not compete well with grasses and weeds, whereas white clover complemented chicory growth. Th ey also reported that white clover competed with grasses, but not chicory, for N. In contrast, Høgh-Jensen et al. (2006) reported that chicory was very competitive with white clover in chicory-grass-clover stands under cutting in Denmark.
CONCLUSIONS
Forage mixtures varied similarly in nutritive value (except for CP in 1 yr) among sampling periods in 2 yr. Functional group proportions (i.e., grasses, legumes, and chicory) controlled the nutritive value of mixed-species swards. Legume proportion controlled CP concentration, whereas the grass component controlled NDF concentration of the sward dry matter. Changes in the functional group composition of the mixtures seemed to off set plant maturity eff ects on sward nutritive value. Th us, the data did not support the hypothesis that variability in herbage nutritive value increases with forage mixture complexity.
